36	EFFECT OF THE EARTH'S FORM AND MOTIONS
But the strength and direction of the moon's gravitational pull keep
changing, because the earth's rotation, as well as the moon's own revolu-
tion around the earth, introduce constant and regular variations. The
result is an extremely complicated series of tidal waves moving in all
directions according to the part of the ocean which one happens to observe.
Often a tide lags many hours behind the condition of the moon which
causes it. In deep bays there may even be two tides at the same time.
For example, as a tidal wave progresses up Chesapeake Bay from Old
Point Comfort the shallowness of the bay hinders it so much that, by the
time it reaches the head of the bay north of Baltimore, a second tide
has entered the lower part of the bay.
How the Sun Modifies the Tides. The sun causes tides like those
of the moon, but in most places not so high. The usual way in which
sun tides become apparent is by increasing or decreasing the lunar tides.
When moon, earth, and sun are in a straight line at full moon or new
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A—The Cause of Spring Tides.   Moon and sun act together.
moon (A36) the two tides combine so that the high tides are higher than
usual and the low tides lower. These are spring tides. When the sun
and moon are at right angles to one another as seen from the earth (A37),
they pardally counteract one another so that neap tides neither rise so
high nor fall so low as ordinary tides. It should be noted that, while the
high tides are shown exactly under the sun and moon in A36 and A37,
they are actually as much as 90° away in many cases because a lag is
usually in evidence. At Bangkok in Thailand (Siam), where the harbor
bar has only 13 feet of water at the ordinary high tide, a large ship may
have to wait some days if it arrives at neap tide. The exact time of
occurrence of either spring or neap tides varies from place to place, and
in some regions may be as much as five days before or after the combina-
tion of lunar and solar activity which causes it.
The Construction of Tide Tables. The chief practical application
of our knowledge of how the moon and sun influence tides lies in the
construction of tide and current tables. These depend not only on the

